Background A very weak relationship has been reported between the health-related quality of life (HRQL) of patients with asthma and their degree of airway hyper-responsiveness (AHR), evaluated in terms of sensitivity. However, this relationship still has not been sufficiently explored for bronchial reactivity indices. Objectives To analyse the relationship between bronchial reactivity and sensitivity with the HRQL of patients with stable asthma, identifying the functional parameters that determine HRQL. Methods In 103 consecutive patients with stable asthma, HRQL was evaluated using the Asthma Quality of Life Questionnaire (AQLQ). Patients underwent spirometry and non-specific bronchial provocation with methacoline. Sensitivity (PD 20 ) and reactivity (doseeresponse slope (DRS), continuous index of responsiveness (CIR) and bronchial reactivity index (BRI)) of the doseeresponse curve were analysed. Results BRI presented significant differences with different degrees of asthma severity. Although patients with AHR showed poorer quality of life than patients without AHR, the AQLQ total score was not related to PD 20 but rather to DRS (r¼À0.784), CIR (r¼À0.712) and BRI (r¼À0.776). The indices of bronchial reactivity reached a negative correlation with all the domains of the AQLQ. In a multiple linear regression model, BRI, DRS, FIV 1 (forced inspiratory volume in 1 s) and VCIN (inspiratory vital capacity) were identified as independent predictors of the AQLQ total score (r 2 ¼0.742, p<0.001). Conclusion In patients with stable asthma, bronchial reactivity is associated with HRQL. This could justify incorporating bronchial reactivity indices in bronchial provocation analyses.
INTRODUCTION
Airway hyper-responsiveness (AHR) constitutes the most relevant physiological disorder of asthmatic disease, and has therefore always been present in its definition. 1 Despite the importance of physiological measures in evaluating the progression of asthma and its response to different treatments, in the last few years the impact of the disease on patient lifestyle, or health-related quality of life (HRQL), has become increasingly important. The HRQL is determined by the patient's judgement of the effects that the disease and its treatment may have had on his/her everyday lifestyle. 2 Previous studies have demonstrated the limited correlation that exists between the measures traditionally used to evaluate the degree of control of patients with asthma (bronchial obstruction, nocturnal and diurnal symptoms, use of rescue medication) and HRQL. 3e6 Although this clinicalefunctional dissociation has been justified by the lack of precision inherent in determining HRQL as well as asthma symptoms themselves, it has also been proposed that the HRQL be considered a component of the state of health in asthma, and should therefore form part of its systematic evaluation. 7 It has been reported, for example, that a patient can experience important benefits in his/ her HRQL without there being apparent changes in these other clinical indices. 8 9 To date, few studies have analysed the relationship between the degree of AHR and HRQL 7e14 and, with the exception of one, 11 all have considered AHR in terms of sensitivity or threshold (PD 20 or PC 20 ). This type of analysis of the bronchial provocation doseeresponse curve reflects the dose threshold necessary to trigger bronchoconstriction, but it does not evaluate the intensity with which it is produced. 15 16 In order to evaluate AHR severity more adequately, we proposed considering the slope of the doseeresponse curve as an indicator of airway reactivity in the presence of a bronchoconstricting agent. 17 18 Unlike the sensitivity analysis, bronchial reactivity seems to more adequately reflect the severity of the response, as it assesses the intensity of the bronchoconstriction. 17 18 In addition, it has been shown to be more useful in identifying patients with asthma 19 and in maintaining a better relationship with the degree of oxidative stress of these patients. 20 We therefore hypothesise that bronchial reactivity could show a better relationship with the HRQL of patients with asthma. Therefore, our objective was to identify those functional parameters that are independent determinants of HRQL in patients with stable asthma.
METHODS

Study subjects
We consecutively selected patients with a diagnosis of asthma established at least 6 months earlier, following the GINA (Global Initiative for Asthma) criteria, 21 anti-inflammatory drugs), an asthmatic exacerbation within the previous 3 months, use of oral glucocorticoids, a contraindication for performing the methacholine bronchial challenge and the inability to comprehend or carry out the study procedures.
All patients gave their informed consent, and the study was approved by the Clinical Research Ethics Committees of both centres.
Clinical evaluation and quality of life
We registered either the presence or lack of symptoms (dyspnoea, cough and wheezing) during the previous 4 weeks, current medication, time since diagnosis of asthma, results from skin prick tests for immediate hypersensitivity, as well as the number of exacerbations and hospital admittances over the previous 12 months. The patients were classified into four categories according to asthma severity (level of symptoms, airflow limitation and lung function variability), taking into account the treatment dose and following the recommendations of the GINA 2002: intermittent, mild persistent, moderate persistent or severe persistent. 21 All patients were asked to answer the self-administered, validated Spanish version of the Asthma Quality of Life Questionnaire (AQLQ) by Juniper. 22 It consists of four domains: 'symptoms' (12 items), 'activity limitation' (11 items), 'emotional function' (5 items) and susceptibility to 'environmental exposure' (4 items). Domain scores were calculated as the average of the items within each domain and presented on a Likert-type scale varying from 1 (most severe impairment) to 7 (no impairment).
Lung function tests
Lung function data were obtained at both centres at approximately the same time during the day (11:00 to 13:00), using the same equipment, MasterScreen Pneumo version 4.2 (VIASYS Healthcare, Hoechberg, Germany). Spirometry was performed according to American Thoracic Society recommendations, 23 and the predicted values of the European Coal and Steel Community were used. 24 To assess the inspiratory parameters, measurements were repeated until the differences in forced inspiratory volume in 1 s (FIV 1 ) were <5% relative to the higher value. From two acceptable manoeuvres (difference <5%), the highest value of FIV 1 was chosen for analysis.
A standardised dosimeter technique was used for methacholine challenge. 25 A bronchial aerosol provocation system (APS, Jaeger, Würzburg, Germany) with a Medic Aid SideStream nebuliser (Medic-Aid Ltd, Bognor Regis, UK) was used for this procedure. The nebuliser was calibrated to produce an output of 160 mg/ml, with an airflow rate of 100 ml/s. A flow sensor in the expiratory port triggers a solenoid which exposes the nebuliser to compressed air at 138 kPa (20 psi) for w0.6 s, to give a calibrated output per puff of 9.0 ml. The nebuliser generates heterodisperse droplets with a median aerodynamic mass diameter of 0.5e4 mm.
Each subject was instructed to inhale the aerosols by taking slow, deep breaths from functional residual capacity to inspiratory capacity without breath holding. The first aerosol was 0.9% saline followed by doubling doses of methacholine chloride from 0.0013 to 9.9 mmol. A 3 min interval was allowed before each dose increment. Forced expiratory volume in 1 s (FEV 1 ) was measured by a MasterScreen Pneumo 2 min after each dose, and the highest of three acceptable measurements within 100 ml was retained to create doseeresponse curves. The test was discontinued when there was a fall in FEV 1 of $20% compared with the control inhalation (0.9% saline solution) or until the maximal dose was inhaled. Doseeresponse curves were plotted for each challenge test as the percentage fall in FEV 1 against the dose of methacholine on a log scale and were characterised by their sensitivity (dose of methacholine that produced a 20% fall in FEV 1 ; PD 20 ) and their slope. When FEV 1 had fallen by $20% from the postdiluent baseline value, the challenge was considered positive and PD 20 was determined by linear extrapolation on a semi-logarithmic scale. Doseeresponse slope (DRS) was summarised as the expression: percentage decline in FEV 1 /dose, where percentage decline in FEV 1 was defined as the decline in FEV 1 from the postdiluent baseline values after the final methacholine dose was administered, and dose was defined as the final cumulative dose administered. 17 The continuous index of responsiveness (CIR) was determined as the logarithm of the percentage decline from the postdiluent baseline FEV 1 after the last dose of methacholine per unit dose of methacholine. 18 Finally, the bronchial reactivity index (BRI) was defined as the log of the percentage decline in FEV 1 /log final methacholine dose after adding 10 to eliminate negative values. 18 
Statistical analysis
Based on the correlation coefficient detected between the total score of the AQLQ and the BRI in a previous pilot study (n¼15, r¼0.33), it was determined that the sample necessary in order to detect a significant relationship using a two-sided one-sample correlation test, with an a risk of 0.05, a b risk of 0.10 and an estimated loss of 10%, should include 103 subjects.
Normality in the distribution of the data for each variable was explored using SkewnesseKurtosis tests. Values are expressed as mean6SD, or percentage. All statistical tests were two sided.
Differences between groups were analysed by the c 2 test (categorical variables), Student t test (ordinary or non-normal metric variables) and analysis of variance with the Bonferroni posthoc test (normally distributed metric variables).
The relationships between variables were determined using the Pearson correlation. The assumptions of linearity and distributional normality were controlled for all variables. A histogram of residuals and a normal probability plot of residuals were used to test for normality. Homoscedasticity was explored by scatter plots of the standardised residuals on the standardised predicted values and by the Levene test for equality of variances. When heteroscedasticity was suspected, regression coefficients were computed using weighted least squares.
Age, sex, body mass index (BMI), years since diagnosis, smoking status (pack-years), atopy, employment status and significant contributors were then introduced in a stepwise multiple linear regression analysis to identify independent determinants of the AQLQ total score. In the multiple linear regression analysis, predictor variables were retained only if their addition significantly improved (p<0.05) the fraction of explained variability (r 2 ). Other aspects explored included residual SD, changes in the distribution of the residuals and the homogeneity of the variance over the predictors.
Statistical significance was assumed for p<0.05. All analyses were performed using the Statistical Package for the Social Sciences, version 13.0 software (SPSS, Chicago, Illinois, USA).
RESULTS
A total of 103 patients were studied, 77 of whom were women and 26 men, with an age (mean6SD) of 41616 years (range 16e71), and most of whom were actively employed (55%). The disease had been diagnosed 968 years earlier (range 0.5e38), with less than one exacerbation in the previous year (0.760.9) and with hardly any hospital admittances for asthma in the previous 12 months (0.360.8) (range 0e5). Asthma severity showed a rather homogenous distribution, 22 patients presenting intermittent asthma, 45 with persistent mild asthma, 32 with moderate persistent asthma and only 4 with severe persistent asthma (table 1) . Table 2 presents the total score and that of the different dominions of the AQLQ according to the different severity levels of the disease, as well as the results of the methacholine challenge, which was positive in 69 cases (67%). No significant differences were detected in bronchial sensitivity, while the BRI was the only bronchial reactivity index that showed significant differences according to asthma severity. The AQLQ only reached significant differences in the 'activity limitation' domain among patients with mild persistent asthma and moderate persistent asthma.
The clinical parameters showed a poor relationship with the results of the bronchial provocation (see table 1 online). Only the number of exacerbations in the previous year showed a significant correlation with CIR and BRI. Likewise, CIR showed a significant correlation with BMI and the number of hospitalisations in the previous year. In the asthma patient group as a whole, HRQL evaluated through AQLQ reached a limited relationship with the clinical evolution variables and with the majority of the spirometric parameters.
There was also a weak but significant relationship among practically all the domains of the questionnaire and the parameters corresponding to forced inspiration (see table 2 online). When the AQLQ scores were compared for conventional response to methacholine, we observed that the patients with a positive bronchial provocation test (fall in FEV 1 $20%) presented poorer HRQL, both in the total score of the AQLQ and in most of its domains ( figure 1) . Table 2 online also shows the correlation analysis between the sensitivity indices (PD 20 ) and bronchial reactivity (DRS, CIR and BRI) to methacholine and the HRQL of all the patients with asthma ( figure 2) . While PD 20 only reached a significant relationship with the 'environmental exposure' domain of the AQLQ, the three indices of bronchial reactivity maintained a significant relationship with all the domains of the HRQL evaluated.
All the variables that in the univariate analysis showed a relationship with the total score of the AQLQ were entered into the stepwise multiple linear regression analysis. The model obtained identified BRI, DRS, FIV 1 and VCIN (inspiratory vital capacity) as independent predictor variables for the AQLQ total score (r 2 ¼0.742, p<0.001) (table 3) .
DISCUSSION
Our study shows that bronchial reactivity is a prominent determinant of the HRQL of patients with stable asthma, which also identifies the contribution of some inspiratory volumes. It confirms that the indices of bronchial reactivity to methacoline better correlate with HRQL than sensitivity, expressed in terms of PD 20 . In addition, bronchial reactivity indices are different at the different levels of asthma severity, which does not happen with PD 20 .
Previous studies had already reported a lack of relationship between the clinical state of patients with asthma and AHR. 26 27 Our patients also did not show differences in bronchial sensitivity (PD 20 ) among the different asthma severity levels. However, the BRI presented a differential behaviour among persistent severe, moderate and mild asthma. This finding concurs with the suggestion that bronchial reactivity better evaluates the intensity of bronchoconstriction and, therefore, asthma severity. 28 Moreover, it has been proposed that bronchial reactivity could be considered a marker of airway inflammation sensitive to steroid treatment. 29 In fact, a previous study has reported that the BRI is related to the amount of eosinophils in the peripheral blood in subjects with AHR as well as in those without. 19 The finding of a poorer HRQL in those patients with asthma with AHR concurs with the reports of other authors. Riccioni et al 10 observed statistically significant differences in the total score and in each of the domains of the AQLQ between those patients with and those without AHR. They did not, however, evaluate the severity of the asthma, using instead a limited diagnostic criterion (increase in peak expiratory flow (PEF) after bronchodilator >15%), nor did they take into consideration the treatment, and only 51% positive bronchial provocations were registered.
More recently, Porsbjerg et al 11 reported that patients with moderate to severe asthma and AHR had a poorer quality of life compared with patients without AHR. In addition, they observed that the patients with the most severe asthma had a greater prevalence of AHR, with a more acute bronchial reactivity, while the sensitivity of the airways (PD 20 ) was not altered. 11 Nevertheless, this study presents an apparent contradiction with our results. Unlike these authors, our data demonstrate that the negative impact of AHR on HRQL is not limited to the patients with the most severe asthma given that, in those patients with intermittent or persistent mild asthma, the AQLQ total score maintained a significant relationship with DRS (r¼À0.796, p<0.001), CIR (r¼À0.697, p<0.001) and BRI (r¼À0.819, p<0.001). As our study took into account the therapeutic stage of the patients, the different criteria used to evaluate severity or the known variability in the perception of the severity by either the physician or the patient him/herself 30e32 could justify this discrepancy at least in part.
The relationship between AHR and HRQL could be attributed to a structural disorder of the airways, in such a way that those patients with small airways of a smaller calibre would be more likely to develop a reduction in mid-expiratory flow, which would intensify breathing difficulty or oppression. 8 However, our results make the existence of a functional disorder more plausible, even in the milder forms of asthma, which cause a rapid and abrupt contraction of the smooth muscle of the airways after having been exposed to a trigger factor. In any case, these results corroborate the idea that an approach for treating asthma based on a strategy for controlling AHR would not only result in an improvement in exacerbations and in less deterioration in lung function over time, as demonstrated by the AMPUL study, 29 but it could also contribute to an improvement in the HRQL of these patients.
The lack of a relationship of AHR with one of the determinats of HRQL, respiratory symptoms, 9 could be attributed to various causes. HRQL involves other functional, emotional or social aspects that go beyond mere symptomatic perception. In addition, the poor symptomatic perception of many patients with asthma is well known, as are the limitations of the instruments used to measure respiratory symptoms objectively.
Our study provides other results of special interest. Of the three bronchial reactivity indices analysed, BRI shows the closest relationship with HRQL (table 3) . It has previously been shown to discriminate better than DRS or CIR between subjects with or without asthma with AHR. 19 It is possible that the BRI's closer to normal distribution confers on it a greater discriminating capacity when compared with the other indices of bronchial reactivity.
Lastly, our data show that the inspiratory parameters of the spirometry, especially FIV 1 , maintain a significant contribution to the HRQL of the patients with stable asthma (table 3) . This finding confers special relevance to the inspiratory portion of the flowevolume curve, which could be of interest in the functional evaluation, not only of the glottis but also of the lower airways. In fact, FIV 1 shows a similar reproducibility after interventions than forced expiratory volumes, 33 seems to be more sensitive than these in the detection of symptomatic improvement induced by bronchial reversibility 34 and maintains a close relationship with dyspnoea intensity. 35 In conclusion, bronchial reactivity indices are identified as independent predictors for the HRQL of asthma patients. The systematic incorporation of these parameters into the analysis of the bronchial provocation tests could be useful in these patients, especially when taking into account that doing so would not result in an increase in either the cost or time of the test, either for the technician or for the patient. 
Lung alert
Can procalcitonin have a role in reducing antibiotic selective pressure?
This multicentre, prospective, parallel group randomised trial compared the use of a modified previously published procalcitonin-guided algorithm for antibiotic use with the conventional use of local or national guidelines for antibiotic use over seven intensive care units. A total of 307 patients in the procalcitonin group and 314 in the control group were included. In the intervention group, a decrease in the procalcitonin level by $80% or a fall to <0.5 mg/l was used as a guide to stopping antibiotics. At days 28 and 60, mortality in the intervention arm seemed to be non-inferior to that in the control arm. The procalcitonin group had a 23% lower number of days (mean 10.3 days) on antibiotics compared with the control group (13.3 days; p<0.0001). However, this trial did not find any difference in length of inpatient stays between the groups. The final clinical decision for a patient's selection and commencement or completion of antibiotics in either group lay with the physician-in-charge, irrespective of guidelines or procalcitonin concentration, and this led to the algorithm not being followed in 53% of patients in the procalcitonin arm. Relative cost-benefits/disadvantages were not discussed.
This study demonstrates that the use of a procalcitonin-guided strategy for treatment with antibiotics in non-surgical patients may well reduce length of antibiotic use and thereby reduce antibiotic selective pressure, with potential benefits in considering the emergence of multiresistant strains with no apparent adverse outcomes, but further studies to rule out potential adverse effects are needed. 
